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ABSTRACT
The Defense Logistics Agency (DLA) currently operates 28 depots in the United

States from which it supplies over 45,000 customers with over three million products
procured from over 10,000 suppliers. DLA pians to reduce its infrastructure and proposes
to analyze its distribution system using the Strategic Analysis of Integrated Logistics
SymGAllS)modd-amhedhtegerMprognmmhthelwlddyusdby
civilian organizations to make facility location and logistics network design decisions. The
size of DLA’s distribution system preciudes directly evaluating all possible depot, product,
and customer combinations. This thesis derives a 29 product, 113 customer aggregation
scheme which facilitates SAILS execution and appears to adequately capture sufficient
detail to accurately model DLA. Extensive comparisons between this aggregation scheme
andodms«&.ﬂ.andﬂuodm!:andlwm\dlls:tmamﬁotm)dlm,w,m.
50, and 30 percent of derived depot throughput capacity show solutions 0 different
aggregations result in virtually identical closure reconunendations and total annual costs.
This thesie shows how DLA can save over 300 million dollars annually through depot
closure and reorganization.
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EXECUTIVE SUMMARY

This thesis shows how the Defense Logistic Agency (DLA) can
save over 300 million dollars annually through depot closure and
reorganization. This conclusion follows extensive analysis of
DLA’'s distribution network using the Strategic Analysis of
Integrated Logistics Systems (SAILS) model - a mixed integer
linear programming model widely used by civilian organizations to
make facility location and logistics network design decisions.
This thesis derives a 29-product, 1ll3-customer aggregation scheme
which facilitates SAILS execution and appears to adeguately
capture sufficient detail to accurately model DLA. Extensive
coqariaons between this aggregation scheme and others (44-, 49-,
and|67-produCC: and 199- and 113-customer aggregations) at 100,
90, 80, S0, and 30 percent of derived depot throughput capacity
show solutions to different aggregations result in virtually
identical closure recommendations and total annual cost.

The Defense Logistics Agency (DLA) currently operates 28
depots in the United States from which it supplies over 45,000
customers with over three million products procured from over
10,000 suppliers. DLA must reduce operating costs to accommodate
declining Defense budgets. Consequently, a number: of facilities
has been slated for closure or realignment under th2 Defense Base
Realignment and Closure (BRAC) Commission’s 1391 and 1993
recommendations. DLA will plan further closures for 1995 using
the Strategic Analysis of Integrated Logistics Systems (SAILS)
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model. The size of DLA's distribution system precludes directly
evaluating all possible depot, product, and customer
combinations. Without aggregation, data input and output would
be overwhelming even if sufficient computer memory, computational
ability, and storage exist to solve the resulting SAILS’ mixed
integer linear program.

Even with aggregation, modeling of DLA’s extensive
distribution system requires enormous amounts of data. This
thesis uses the following information supplied by DLA: the 1992
Material Release Order files containing over 17 million material
shipment transactions totaling over 1 billion pounds from which
demand and customer information is obtained, depot fixed and
varjable costs, and depot throughput capapity information.
Because of difticulcy obtaining and maniﬁulatinq the required
files, this thesis does not directly model subsistence mater .al
which accounts for approximately 25 percent of total demand
weight. Instead, it uses a conservative estimate of the depot
throughput capacity. From all data, a 29-product, 1ll13-customer
aggregation scheme is developed and extensively tested on a 586
SSAHHz personal computer with 261 megabytes of extended memory.

Solutions produced using the various aggregation schemes
indicate that significant annual savings of over 300 million
dollars can be realized from depot closures and reorganization.
Recommended closures decrease fixed and variable costs by
approximately 349 million dollars while iacreasing transportation

costs by 13.5 million dollars.
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I. INTRODUCTION

The Defense Logistics Agency (DLA) must reduce it
operating costs to accommodate declining Defense budgets.
Ccnsequently, a number of facilities has been slated for
closure or realignment under the Defense Base Realignment and
Closure (BRAC) Commission’s 1991 (BRAC Commission [1991)) and
1993 (BRAC Commission [1993]) recommendations. DLA will plan
further closures for 1995 using the Strategic Analysis of
Integrated Logistics Systems (SAILS) model (INSIGHT Inc.
[(1993}). SAILS is a computer program widely used by civilian
companies to make plant locatii:, warehouse location, and
inventory positioning decisions (Appendix A contains the
underlying mixed integer linear program at the heart of
SAILS). The size of the DLA’s distribution system precludes
directly evaluating all possible depot, product, and customer
corbinations. Without aggregation, data input and output
would be overwhelming even if sufficient computer memo:y,
computational ability, and storage exist to solve the
resulting SAILS’ mixed integer linear nrogram. This thesis
defines aggregation schemes for DLA prouucts, customers, and

suppliers for use in SAILS.




A. DEFENSE LOGISTICS AGENCY
DLA’s primary mission is timely provisioning of consumable

material to Department of Defense activities during either
peacetime or wartime. DLA’s problem is how to maintain the
current level of customer service while closing existing
facilities and reducing operating costs. House [1978])
succinctly states DLA‘s dilemma:

The importance of the facility location problem is due

primarily to the fact that distribution centers represent

significant cost centers in the distribution channel...

distribution depots represent points where customer

service is provided through the maintenance of

inventories. In many situations, it can be shown that as

more facilities are sited there is a proportional increase
in the amount of customer service provided...[House 1978

p. 1)

' The DLA distribution system is primarily a two-echeloa
system where materials flow in large shipments from suppliers
to denots and from these depots in smaller order gquantities to
the ultimate consumers. A small amount of material flows
directly from vendor to customer but suppliers do not
necessarily remain constant over time, and therefore this
thesis models DLA’s distribution system as a pure two-echelon
system with no direct vendor to customer flows.

DLA manages a diverse mix of material including
subsistence items, aircraft repair parts, clothing, paper
products, fuel, medicines, and construction material (DLA,
[1992])). To operate the distribution system, DLA has:

* 8ix inventory control points responsible for inventory
management of over threc million line items.




s 28 distribution depots located throughout the United
States responsible for the receipt, storage, and
distribution of this material ({DLA, 1992].

DLA has recently assumed greater responsibilities as the
Department of Defense (DOD) attempts to reduce operating costs
by consolidating operations. As the result of Defense
Management Review Decisions (DMRD) issued by the Secretary of
Defense [1989]), the following actions have increased DLA's
responsibilities:

e Consumable items previously managed by the individual
services have been transferred to DLA; this action has the
potential to increase the range of materials managed by
981,000 line items (DMRD 926 [1989])).

e Distribution depots previously operated by the individual
services have bean transterred to DLA which increased

DLA’s total number of depots to thirty two (DMRD 902
[1989])).

B. OBJECTIVE OF CURRENT RESERARCHE

This study develops aggregation schemes for DLA products,
customers, and suppliers which allow DLA'’s distribution system
to be modeled within SAILS and allows SAILS’ underlying
mathematical model to be solved in a reasonable time without
significant loss of fidelity. To evaluate the validity of the
aggregation techniques, several commodity and customer
aggregation schemes are formulated. Comparisons are made
between the solutions generated from the different techniques

highlighting significant variation. The base year for




purposes of this study is fiscal year 1992. Historical files

for fiscal year 1992 show that DLA:

e procured material from over 10,000 suppliers;

s processed and shipped over fifteen million reguisitions
with a total weight of over one billion pounds; and

e served over 45,000 customers including all military
services and other government activities.

C. THESIS OUTLINE

Chapter II discusses the 1978 Department of Defense
Material Distribution System (DODMDS) study and related
literature. Chapter III discusses the aggregation schemes
developed. Chapter IV provides computational experience.
Chapter V presents conclusions and recommendations. Appendix
A contains the underlying mathematical model used by SAILS.
Appendix B provides a listing of the material groupings
managed by DLA. Appendix C presents a statistical summary of
the material transaction file supplied by DLA for this study.
Appendix D details the four different commodity aggragation
schemes. Appendix E describes the customer aggregation

schemes.




The DLA distribution system was examined in 1978 by the

Department of Defense Material Distribution System (DODMDS)
study, a joint service effort commissioned after the Vietnam
War to reduce DOD operating costs. The purpose of this study
was to examine the existing distribution system and recommend
improvements which would support individual Service
operational requirements in an effective and efficient manner.
This chapter reviews this study and studies accomplished on
civilian distribution networks which are useful as a

foundation for developing aggregation schemes.

A. DEPARTMENT OF MATERIAL DISTRIBUTION SYSTEM

(DODMDS) STUDY

The DODMDS study, undertaken in April 1975, examined the
distribution systems operated by the Aimy, Air Force, Navy,
Marines, and DLA within the fifty United States. This study
examined the entire DOD distribution network which included
maintenance depots as well as storage facilities. all
material managed by these services and required within the
United States and overseas was included with the exception of
the following products: bulk petroleum, perishable

subsistence; ammunition; chemical, biological, and




radiological items; industrial plant equipment; and some rnajor
end items (i.e., ships, aircraft, and strategic missiles)
(DODMDS (1978] Vol I p. 9). Because of the inclusion of
repairable components and the need for this type of mesteriail
to be returned to maintenance facilities for repair, the
material return network was examined as well. Released in
1978, the study provided an optimal distribution network for
DOD, but these results were never implemented.

The DODMDS study group acknowledged a problem which is
inherent in any examination of a system this extensive where
data aggregation is required:

Large scale studies have frequently been criticized for

aggregating a problem out of existence and unwittingly

biasing the results through the aggregation process.

(DODMDS {1978] Vol I p. 27)
DLA agreed with this criticism. In their opinion, data
aggregation significantly reduces the variability associated
with individual items and demand locations (DLA [1978]). The
major assumption underlying the DODMDS study is demand
stability and this situation is not always the case with
DLA’'s demand patterns. Hobbs and Lanagan (1992] €ind that
demand stability for DLA requirements is an erroneous
assumption. According to their study, demand variability
exists on three levels:

« Examining total demand across all commodities and over a

10 year period, annual demand experiences a 33 percent
decrease from a peak year to the minimum period;




* Within tvo commcdities examined individually (Electronics
and General), annual demand decreases approximately 25 and
30 percen* r23pectively over a seven year period;

e Using two Jifferent populations of items and the six
original DL*» depots (Mechanicsburg, Richmond, Memphis,
Columbus, Ogden, and Tracy), Hobbs and Lanagan examine the
workload variability for these depots over a two year
period. For population A (103,000 items), these depots
experience shifts in the number of transactions from an
increase of 10 percent to a decrease of 3 percent and
decreases in shipment quantities from 12 percent to 20
percent. For population B (219,000 items), the number of
transactions vary from an increase of 9 percent to a
decrease of 7 percent and the gquantities shipped vary from
a plus of 2 percent to a minus 23 percent;

e Using the same two population groups (population A,
103,000 items and population B, 219,000 items)} and 11
customer groupings, Hobbs and Lanagan examine the
variability of demand within customer clusters over a two
year period. For population A, the number of transactions
processed vary from a plus 8 percent to a minus 6 percent
and the actual quantities shipped varies from a minus 3
percent to a minus 29 percent. For population B, the
number of transactions vary between a plus 4 percent to a
minus 16 percent while the actual quantities shipped
varies from a minus 3 percent to a minus 26 percent.

These results show that customer demand may not be stable
between periods for a geographic location but offer no
predictive estimates of future demand patterns. Experience
with SAILS in the private sector (Karrenbauer [1994]) has
shown that demand variability with commercial organizations
far exceeds that reported by Hobbs and Lanagan (1992] and that
DLA’s distribution network can be meaningfully accommodated by
SAILS. SAILS develops a optimal strategic distribution
network (i.e., determines optimal depot locations for the
network operating over a long time-frame) as opposed to a

tactical or operational plan designed to make daily decisions.




This study, like the DODMDS study, bases its analysis and
conclusions on one year’s historic data.

The aggregation techniques utilized in the DODMDS study
are used as a template for the schemes of this current study.
Specific similarities and differences between the aggregations
of the DODMDS study and the ones presented in this thesis are

addressed in follow on chapters.

3. OYTHER STUDIRS
In recent years substantial research has been accomplished
discussing location analysis for plants, distribution
facilities, retail activities, and service centers (House
[1978]; Geoffrion [1976):; Geoffrion and Graves (1974]; Ghosh
and Mclafferty (1987]; Khumawala and Whybark [1971]L
Klincewicz [1985]); Neebe and Khumawala [1981]); Cooper [1967]);
Geoffrion and Powers ([1993]). According to Geoffrion and
Powers (1993 p. 2], these studies have resolved the following
basic distribution network planning questions:
e How many distribution centers should there be and where
should they be located? .

e What size should each distribution center be and what
products should it carry?

e What distribution center (plant) should service each
customer? '

e Should all stocking points carry all products or
specialize by product line?

o How should each plant‘s output be allocated among
distribution plants/customers?




+ What should the annual transportation flows be? Should
pool points be used, and if so where should they be?

s For a given level of customer service, what is the cost
savings for the proposed system?

On the other hand, there has been limited research conducted

on the aggregation techniques necessary to facilitate data

input into these models and the results these schemes have on

final solutions. As House and Jamie ([1981] state:
Research conducted in the past several years has focused
almost exclusively on techniques employed in planning...
very little research appears to have been conducted in
determining the sensitivity of planning results to the
?etlaxo?s employed in aggregating data. (House and Jamie
1981))

Recent improvements in computers and the location models
allow inputs to be much more voluminous and detailed than
previously, but data aggregation is still necessary. Eender
acknowledges the importance of aggregating data correctly:
The most critical step in the analysis and design
process is to determine the right level of data
aggregation: the more aggregated the data, the greater
the potential errors in analysis, but the simpler it

is to analyze, and the cheaper it is to assemble.
{Bender (1985] p. 157)

1. PRODUCT AGGREGATION
 DLA manages over three million line items.
Recognition of each of these products individually is

impractical for any facility location model thus some product

aggregation is required.




To aggregate products there are four factors according

to Bender which must be considered: (Bender [1985) p. 157)
o Market: identify the top products which account for the
bulk of material shipped; account for the different sales

ratios in the various markets;

e Logistic: aggregate products with similar transportation
rates, handling, and storage characteristics;

e Production: aggregate products with similar unit
production costs and those produced in the same plants;
and

e Organizational: aggregate products based on any univue
requirements of the organization.

The aggregation studies reviewed in this thesis have
not concentrated on product aggregations. These studies
(House and Jamie [1981); Ballou [1991]) and (1993]) examine
distribution systems comprised of a limited number of consumer
oriented products or product lines where the need to aggregate
has not been considered or the aggregation scheme is
straightforward. With product aggregation, the variability
inherent in individual products is redu~ed. Ballou [1991)
diminishes the importance of product differences concluding
that these differences did not play a major factor in demand
cluster determinations:

Different transport rates associated with different

products do not significantly affect the number o:

clusters to be used or the manner in which the clusters

are formed... product differences and their shipment

sizes can be eliminated as an important variable in the
selection of demand clusters. {Ballou [1991) p. 14)

10
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Civilian distribution systems typically manage similar
products. Conversely, DLA handles a varied line of products.
This study determines whether product aggregation schemes have
an impact on depot location decisions.

2. GEOGRAPEIC CUSTOMER AGGREGATION

DLA has over 45,000 customers. Recognition of each of
these customers individually is impractical for any facility
location model thus some customer aggregation is required.

A number of approaches has been used by analysts to
aggregate customers including grouping customers by:
geographic proximity, type of customer, type of export, or
specific customer service requirements. Georeferencing
approaches typically rely on Standard Metropulitan Statistical
Areas, individual states, and postal zip code sections to
aggregate customers.

Ballou ({1993] uses a method that is particularly
suited for this study whereby the 900 three-digit zip codes
are used as a starting point. The pair of zip codes closest
to one another are combined to form one cluster. This process
is repeated until the desired number of clusters is attained.
The center of che cluster is determined and this point becomes
the demand location for that grouping of customers.

Brrors arise as transportation costs are calculated
based on distance measurements from the service center to the

midpoint of a cluster region as opposed to an actual location.

11




Hillsman and Rhoda (1978] state that three types of errors are

created as the result of this estimation:

e Cost error: cost errors results from measuring distance to
the service center from the aggregated point instead of
from the actual demand points;

e Brroxr is created when the service center is located at the
aggregated point in which case the distance from service
center to demand is zero. This measurement underestimates

the true transportation costs as the center is actually
serving dispersed demand; and

e Brrors are created when distances from aggregated demand
points t0 service center are used to assign demand to the
nearest center. In this situation some demand may be
assigned to the wrong center.

Hillsman and Rhoda {1978] analyze the magnitude of these types
of errors for contrived demand patterns. They conclude that
demand ao&rcgation causes distance measurement errors up to 8%
for their contrived demand patterns and expect higher
percentages for actual systems.

Extending Hillsman and Rhoda‘’s research, Casillas
{1987) conducts a study which determined the effects certain
factors have on the facility location problem. Casillas
defines the following two types of errors created as the
result of demand aggregation:

e Cost-estimate error: the difference between the cost to
service aggregated demand from the optimal service
location and the true cost of servicing the unaggregated
demand from that location;

o Optimality error: the effect of misallocating demand to
service centers and the resultant mislocation of these

centers based on the use of aggregated rather than
unaggregated demand.

12
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Varying "the level of aggregation, the location of aggregated
demand points, and the number of service centers to be
located,® his study determines the effect these factors have
on the objective function and the location of the service
centers. Casillas’ results show that the cost-estimate error
is monotonically increasing with the number of source points
and the level of aggregation. The results for the optimality
error are not as conclusive in that there is no established
pattern relating the optimality error with the number of
source points and the level of aggregation. Casillas’
conclusion is that in general customer aggregation does not
have a significant effect on the location of service centers.
Current and Schilling (1987] also ex(tcnd the research
of Hillsman and Rhoda. They state that demand Jqqregation
results in the loss of locational information which may result
in suboptimal service center location. Their study devises a

method of formulating the aggregated customer regions such

that all but the third error (assigning demand to the nearest

center) are eliminated. They compare their method to the
traditional methods of forming clusters. Current and
Schilling’s study is accomplished cn a distribution network
consisting of 681 nodes aggregated into 30 and 70 demand
units; tivé. seven, and nine source points; and uses four
different sets of demand data. Using Casillas‘’ definitions
for optimality and cost errors, their study yields the

following results:

13




e both optimality and costing errors increase monotonically
with the number of sources; and

s both optimality and costing errors decrease as the number
of demand clusters increase.

Research conducted by House and Jaimie (198l1) on a
distribution system consisting of seven market demand systems,
eight warehouse networks, three shipment size groupings, and
three consumer-oriented products reaches the following
conclusions:

e aa the number of markets increases, the outbound freight
errors decreases;

e error in outbound transportation cost estimation can not
be reasonably controlled with market systems of less than
100 aggregated customer points;

« shipment errors can be maintained within 2 - 3 percent
with at least 150 markets; and

« as the number of distribution points increases relative to

the number of markets transportation costing error
increases.

Ballou {1991 and 1993] extends the research conducted
by House and Jaimie [1981] examining the transportation
costing error occurring in a discribution system. Ballou
determines the effect the number of clusters, size of the
clusters, and the number of source points have on the
transportation costing error. Examining a distribution
network consisting of source points ranging in number from 1

to 100, market clusters ranging in number from S0 to 900, and

14




shipment sizes ranging from 500 pouncs to a full truckload ,

Ballou {1993, p. 15] arrives at the following conclusions:

e the usual practice of using 100 to 200 clusters is not
applicable to all problems;

e controlling the cluster size during cluster formation can
significantly reduce transportation costing error;

e grouping customers by proximity is a rea:onable way to
form clusters and reduces transport costing error:;

e costing error does not exceed 1.5 percent for carefully-
formed clusters;

+ as the number of sources increases the costing error aiso
rises;

e costing errors are reduced with inrreased nunbers of
clusters; and

e costing errors increase as the number of facilities
increases relative to the number of clusters.
Ballou (1993, p. 17]) presents recommendations fcc total
customer aggregations based on the number of source points,
allowable exror, and cluster size expressed as a percentage of
total demand existing in the distribution network.

In summary, all literature suggests that as the number
of customer groupings is reduced the area of the aggregated
zone increases resulting in an increase in transportation
costing errors. In the formulation of these customcr

groupings, these authcrs agree that:

e aggregation by proximity is a reasonable approach; and
e as the number of sources or depots increase relative to

the number of customers, transportation costing error
increases.

15




Ballou [1993]) suggests that customer groupings in the 100 to
200 range is not applicable to 1all situations. For
distribution networke with 25 source points (DLA’'s size), his
study suggests that the number of customer groupings should be
in the 300 to 500 range. This recommendation seems
inapplicable to DLA because the top 100 three-digit zip codes
account for approximately 84 percent of the material
processed. The contention here is that a significant increase
in transportation accuracy will not be gained through
increasing the number of customer groupings much above 100.
T™is study tests a range of customer groupings between 100 and
200.
3. SUPPLIER AOGRBGATION

DLA has over 10,000 suppliers. Recognitiod of each of
these suppliers individually is impractical for any facility
location model thus some supplier aggregation is required.

Other than the procurament source aggregation scheme
presented in the DODMDS study, there appears to be no other
literature on supplier aggregation. The DODMDS study
identifies the rationale for aggregating material sources as:
*the large number and geographical dispersion of procurement
sources; the dimensional limitations of the analytical models;
and the need to make the data comprehensible to facilitate
analysis® (DODMDS Vol III [1978) Section 4 p. 4.2). Because

of the similar objectives, it seems reasonable to aggregate

16
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suppliers in the same fashion as customers, whereby a
georeferencing system is used to identify major supplier zones
and those remaining are aggregated with the major ones based
on proximity. The specific approach used in the DODMDS study

is addressed in subsequent sections.
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III AGGREGATION SCHEMES
This chapter discusses aggregation schemes for DLA's
products, customers, and suppliers. Similarities and
differences between aggregations in this thesis and the DODMDS

study are highlighted.

A. PRODUCT AGGREGATIONS

DLA manages over three million line items. Recognition of
each of these products individually is impractical for any
facility location model: Some product aggregation is required.
The goal in this aggregation process is to develop categories
which are sufficiencly homogeneous for modeling purposes:
Product groupings should have similar management, shipping,
and handling characteristics. Because the DODMDS study is
the only study of the literature reviewed which examines
product aggregations, the DODMDS study provides the template
for the schemes employed in this study.

Each item managed within the Federal supply system is
assigned a national stock number (NSN) which uniquely
identifies the item. The first four digits of the NSN is
referred to as the Federal Supply Classification (FSC) and the
last nine digits are the National Item Identification Number
(NIIN). Figure 3.1 provides an example of the NSN for a steel

wood screw. The four-digit FSC categorizes all material
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- managed within the Federal system. The first two digits of
the FSC identifies the major material groupings (in the
example shown in Figure 3.1, FSC group 53 signifies that this

item belongs to the Hardware and Abrasives group).

NATIONAL STOCK NUMBER
.f.sosl - PO - 010 - ‘l944J

/ \

FSC NIIN

Figure 3.1: National Stock Number for a steel screw. The FSC
5305 expresses the group and class for the item: Group 53
signifies this item belongs to the Hardware and Abrasives
Group and Class 05 signifies the item is a screw. The NIIN
00-010-1944 uniquely identifies this particular steel screw.
There are sixty-eight different groups managed by DLA which
are listed in Appendix B. The second two digits represent the
PSC class which provides a more detailed description of the
type of material included in a group (Appendix B provides a
detailed description of the classes available in FSC group 53
Hardware and Abrasives). The FSC forms a natural grouping

mechanism since it ‘“relates 1like items of supply and

19




conversely separates unlike items of supply® (DLA Hl1 [1985)).
Because of the large number of items and the diversity of
material managed by DLA, the ease with which an aggregation
scheme based on this system could be implemented, as well as
the unique requirements of each service, aggregation
strategies based on FSC are the most appealing approach.

The product aggregations developed are based on the
Material Rélease Order files for fiscal year 1992 looking at
the commodities listed in Table 3.1. These files are provided
by the Defense Operations Research Office (DORO) and detailed

material shipments for the specific commodities for the year.

le 3.1: DLA provided the Material Release Order files for

1992 which lists all depot-to-customer shipments for FY
1992. All material in the Material Release Order files are
labelled according to the following commodities.

Material Descriptiom
Construction

Electronics

General

Industrial
Medical

Textiles

Because of difficulty obtaining and manipulating the required
files, subsistence items (which accounted for 25 percent of

total shipment weight in the DODMDS study) are excluded from
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this study. This exclusion is modeled by using a conservative
estimate of capacity as discussed in the following chapter.
FSC offers an initial grouping of like items based mainly
on management criteria. Shipping and handling characteristics
are obtained by a statistical analysis of these groupings
which shows the degree of homogeneity within FSC. The DODMDS
study (DODMDS [1978] Vol III Section 4) subdivided all items
within a FSC into fifteen intervals by unit weight, unit cube,
and unit price. Statistical analysis of these groupings was
accomplished to determine homogeneity within FSC. Four
independent groups of analysts determined that like FSC'’s
could be aggregated based on physical characteristics using

the following ranking scheme: '

s primary importance was placed on unit weight within FSC;

« secondary emphasis was placed on the issue weight for
items within FSC; and

e the number of issues of individual items and the quantity
of items issued were considered within FSC.

This aggregation process was performed iteratively where
statistical analysis (calculation of mean and variance for the
above characteristics) of the groupings determined whether
aggregations were sufficiently homogeneous. The study derived
72-aggregate products which the DODMDS study concluded were
sufficiently homogeneous for modeling purposes. These 72-
aggregate products were further aggregated until 27-aggregate

products resulted.
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In addition to the DODMDS study, a number of other
aggregation studies (See House and Jamie (1981); Ballou (1991}
and [1993); Current and Schilling [1987)) have focused on
shipment weight in transportation rate determination. As a
result of conclusions derived from these studies and on DLA’'s
evolution toward use of innovative depot-~-to-customer shipping
modes, this thesis concentrates on weight characteristics to
determine product aggregations.

A statistical analysis of the transaction files reveals
the following:

. :é;.:f the total weight issued is composed of just 90

) 90; of the total issues is accountfd for by just 90 FSC’s;
an

» 56 of the FSC's appear in both of these categories.

Because repairable components are not included, variability
within FSC groupings is not as significant as that found in
the DODMDS study. However, as Appendix C shows, significant
variability still exists within FSC groupings. Further
analysis reveals that 92% of the material shipments are less
than fifty pounds. The material in the large weight
categories is significantly different from the norm which
helps explain the large variance found within each grouping.

The following four product aggregation schemes are

developed and provided in detail in Appendix D:
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» 67-aggregate products: Accomplished strictly by FSC
product groupings. No distinction is made within product
groupings between aviation and non-aviation related
material.

44-aggregate products: The 67 aggregate products are
further aggregated by grouping like items. A distinction
is made within groupings between aviation and non-aviation
related material.

29-aggregate products: The 44 aggregate products are
further aggregated by grouping like items.

49-aggregate products: This approach is based on demand.
Taking the top 75 FSC’s by frequency of demand and total
weight requisitioned, the FSC’'s which appear in both
categories are the focus of a aggregate product and like
items are grouped with these major FSC’s. No distinction
is made between aviation and non-aviation material within
these aggregate products. Those products annotated with
an asterisk in Appendix D7 represent aggregate products
which are not centered around an item appearing on any of
the top 75 list. Because this material is not similar to
material found within any of these major groupings,
separate aggregate products are created.

B. CUSTOMER AOGREGATIONS

Customer aggregation is required to model the material
flows from the distribution facilities to the more than 45,000
individual DLA customers. As the DODMDS study states:
*Retaining the accuracy of demand location was most
significant since the structure of a distribution system
(distribution center location) is heavily influenced by the
geographical location of the demand and sources of supply*
(DODMDS Vol III [1978) Section 2 p 2.1).

The DODMDS study (DODMDS Vol 1III ([1978]) Section 2)

identifies the major installations by total demand and
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aggregates remaining activities with these major installations
based on proximity. This process is accomplished with three-
digit zip codes and the Department of Defense Automatic
Address Code (DODAAC), a six-digit code which identifies
individual activities. DODMDS examined the material flows
from depot to customer as well as material returns from
customer t¢ Jdepot and created 205 aggregated groupings. Where
feasible, uniformed service identity was retained.

This thesis uses the three-digit zip code agoregation
facilities available in SAILS to aggregate customers,
Aggregation schemes are developed based on the top 259 major
American cities (as identified in SAILS, see Appendix E).
These cities $te initially identified as ihe major nodes. All
customers othide these zones are aggregated with these major
areas based on proximity. Demand for deploying and overseas
activities is assigned to the two containerization facilities:
Mechanicsburg, Pennsylvania on the East coast and Tracy,
California on the West coast. Of ihe top 250 DLA customers
(as identified by three-digit zip code and total weight
received), 149 have three-digit zip codes corresponding
directly to the three-digit zip codes of the 259 major
American cities. Attempts to use this 259-customer model in
SAILS have been unsuccessful: The model dimensions are too
large to permit timely solutions. Using the transaction
information from the 259-customer model, two customer

aggregation schemes of 199 and 113 customers are developed.
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Those cities which had less than 100,000 pounds (1 million
pounds for the 113-customer aggregation) of shipment activity
are deleted as major nodes. The total weight received by
these cities amounts to 2.6 million pounds which accounts for
less than one percent of total weight shipped (39 million
pounds and less than 4 percent for the 1ll3-customer
aggregation). The cities included in both aggregation schemes
are provided in Appendix E and a map of the cities comprising
the 113-customer aggregation is provided in Figure 3.2.

An analysis of the transaction file shows that of the top
100 three-digit 2ip codes (according ., tc-al weight shipped),
66 three-digit zip codes directly correspond to the three-
digit zip codes of the 113 major cities. These 66 three-digit
zip codes account for 51 percent of total demand weight and 70

percent of the total requisitions.

C. SUPFLIER AUGREGATIONS

Supplier aggregations are accomplished to facilitate
dealing with the 10,000 material sources for the DLA
distribution system. For procurement source aggregation, the
DODMDS study (DODMDS Vol III [1978] Section 4) examines a
number of alternate strategies and selected "the 80/20 rule®
(80 percent of the procurement activity represented by 20
percent of the three-digit =zip codes) as the preferred
strategy: The DODMDS study identified the three-digit zip

codes which provide 80 percent of the weight, 80 percent of
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the procurement dollar value, and 80 percent of the total
transactions processed. Identified as nodes, these zip codes

represent fifteen percent of the total United States zip codes

R A

. ..

&Y

"‘/f*-

A

Figure 3.2: Cities comprising the ll3-customer aggregation
scheme. These aggregated locations are formed by taking the
259 major cities identified in SAILS and deleting those cities
which account for less than 1 million pounds of demand
activity (total weight received by these cities is 39 million
pounds and less than four percent of total weight shipped).
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and@ account for approximately ninety percent of the
procurement activity in all three categories. The remaining
sources identified by three-digit zip codes are grouped with
these nodes based on proximity.

Initially this study chose to follow the same approach as
the DODMDS study by identifying major supplier locations by
three-digit zip codes and aggregating minor supplier zones
with these primary locations. Because of difficulty with the
procurement file supplied by DLA, accurate replenishment
information is unavailable and therefore this study uses a
supersource or single location as the sole procurement source.
This location is a centralized location in Memphis, Tennessee
three-digit zip code 3{’15. The DODMDS study uses a supersource
concept where the :raﬁaporcation rate from depot to customer
is calculated as if each customer receives the aggregate
product from all suppliers at the percentage of the total each
supplier provides systemwide. This thesis calculates the
transportation rates by aggregate product from the centralized
location to each depot (i.e., assuming all suppliers are

located at the supersource).

D. Transportation ¥Mode Aggregations
The DOD transportation system moves material via the

shipment modes identified in Table 3.2. This study

acknowledges a requisition priority by retaining the mode
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structure. To facilitate data input into the SAILS model,
the modes which experierce limited use are aggregated with the

Table 3.2: This table provides the shipment modes, frequency,
and percentage of total shipments for the DLA material
shipments for FY 1992 as specified in the Material Release
Order files. Obtained from DLA, these files provide all
depot-to-customer material shipments for FY 1992.




major modes as reflected in Table 3.3.

An analysis of the transaction files shows that 84 percent
of the material is shipped using five mod - of shipment.

The SAILS model has Yellow Freight and United Parcel
Service rate tables available to determine transportation
rates. Additionally, user-defined rates can be incorporated
into the model. This rate information is used to determine
an average rate per hundredweight (CWT) for each aggregate
product and depot-to-customer combination.

Because rate information for the transportation modes
utilized by the DOD system are not readily available, this
study chose to use the UPS and Yellow Freight rates available
in SAILS to estimate these averages. When the eleven
aggregated modes identified in Table 3.3 are used in the SAILS
model, the results produce excessive SAILS execution times.
These 11 modes are therefore consolidated into six shipment
categories and a shipment profile is created based on an
analysis of the tfansaction file. Table 3.4 details the
percentage of usage for each of the six modes and their

categories.
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Table 3.3: Aggregation of limited-use shipment modes into the
11 major mode categories for initial

input into the SAILS
model.
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Table 3.4: This table details the six alternate aggregated
transportation modes used with model runs, the SAILS rate
category used for each of these modes, and the usage
percentages. This information is used by SAILS to calculate
an average rate per hundredweight for each depot-to-customer
link. .

Rate Category Percent

10000 TO 20000 1lbs
Less Than Truckload 0 to 5000 lbs
| Air Freight/Air UPS Next Day Air

Express
Local Delivery/Rail 400k to 999k

Surface Parcel Post UPS Surface Parcel
Post

First Class Mail UPS Second Day Air
MAC/QUICKTRANS

‘i

B. DEPOT AGGREGATIONS

This study includes the major depots examined by the
DODMDS study with the addition of Naval Supply Centers in
Charleston, Pensacola, and Puget Sound. 1In 1992, DLA used a
number of secondary storage facilities which were subsequently
closed. The secondary sites shown in Table 3.5 have been
aggregated herein with the major depots based on proximity.
With the exception of those depots identified for closure in
1993 under BRAC (Charleston, Oakland, and Pensacola) (BRAC
[{1993)), the major depots identified in Table 3.5 are the

remaining facilities subject to the next base closure

examination. Collocated depots (such as Tracy and Sharpe) are
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Table 3.5: This table provides a listing of the major depots
and the aggregation process this study uses to combine the
secondary storage sites with the major depots. Depots that are
axsmotatod with an asterisk are slated for closure under BRAC
1993.

§ 4

CITY,. Ox
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maintained as separate entities. Figure 3.3 provides the

relative locations of the 28 major depots.

11

Figufe 3.3: The relative location of the 28 major depots where
secondary storage facilities are aggregated with the major
depots based on location proximity.
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IV. COMPUTATIONAL EXPERIENCE
This chapter contains detailed information on test data,

scenarios tested, and solutions obtained using SAILS.

A. DATABASE
1. TRANSACTION FILE

The Material Release Order files for fiscal year 1992
are obtained from the Defense Operations Research Office
(DORO) in Richmond, Virginia. Using the SAS software package
(SAS Institute Inc [1990)) on an AMDAHL 5995-700A mainframe,
data from the Material Release Order files are summarized and
manipulated into a transaction file {which is customer demand
data) in the correct format for SAILS model input. Initially,
the Material Release Order file is comprised of approximately
17 million records. After extracting those regquisitions
created during the base year and removing erroneous records,
a transaction file comprised of 15.8 million material
shipments and totalling 1.032 billion pounds is created.

Due to the size of this transaction file, product
aggregation is accomplished outside the SAILS model. Four
separate transaction files representing each of the product
aggregation schemes detailed in Chapter 3 is created for irput

into SAILS. These files are formatted in the outbound
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transaction file format (TF4) (INSIGHT Inc., SAILS Users Manual
[1993]) required for input into the SAILS model as depicted in
Table 4.1. To limit the size of the input file herein,
shipment date information is not retained. As a result, all
transactions for the period examined are assumed to be
processed on 3julian date 92001. This process can
underestimate total transportation costs as the model develops
transportation rates based on the shipment profile depicted in

Table 3.4.

Table 4.1: SAILS Outbound Transaction File Data Elements.
Four separate transaction files representing each of the
alternate product aggregation schemes is created for input
into SAILS.

Data Element DESCRIPTION
Customer Class shipment mode information

Customer Aggregation three-digit customer zip
Code code

Stock Code aggregate product number

Quantity total number of
transactions

Original DC code 3-character Depot Code

Julian Date 92001 (total annual demand)

Extended Weight total weight shipped for
that aggregate product,

depot-to-customer link




The transaction file is sorted and summarized by aggregate
product number, three-digit customer zip code, depot, and
shipment mode. The total weight shipped for each aggregate
product and depot-to-customer link is <calculated by
multiplying the total number of transactions for that link by
the mean extended weight (an average calculated by multiplying
requisition quantity times unit weight). File sizes for the

four transaction files are provided in Table 4.2.

Table 4.2: Four different Outbound Transaction Files are
generated based on the alternate product aggregation schemes
employed. This table details the total number of transactions
and file sizes for each of these files.

Product Total # of File Size
Aggregation Aggregate
Scheme Transactions {megabytes)

*29° 309,300 36.2

*44" 360,497 42.2

*49* 464,955 54.4

*67* 388,001 45.4

2. FACILITIRS

Cost and throughput capacity information for the
distribution depots identified in previous sections are
developed based on information provided by DORO and DLA

Headquarters. Estimates of depot fixed and variable costs
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are based on information provided by DORO and are listed in
Table 4.3. This information represents fiscal year 1989
estimates of depot costs. Since these figures are estimates,
no attempt to convert these costs to fiscal year 1992 is
considered. Fixed costs are explicitly expressed and are
input into the model to the nearest hundred thousand dollars.
Cost information for Marine Corps facilities at Barstow,
Albany, and Cherry Point are not provided. Fixed costs for
these facilities are estimated at ten million dollars.
Variable costs provided by DORO are in unit cost per
transaction. Because all transactions in the SAILS model are
based on CWT, conversion is required. This study finds an
estimated average weight per transaction and multiplies this
figure by the number of transactions processed by each depot
as a rough estimate of total weight processed by the depot.
The variable cost per CWT is then determined by dividing the
total variable cost for that depot by the total CWT processed.
Both depot fixed and variable costs are provided in Table 4.3.
Depot throughput capacity is calculated based on
estimates provided by DLA headquarters. These estimaces are
based on the number of transactions a facility could handle in
a day at peak capacity. Since all model calculations are
based on CWT, conversion to the amount of CWT each facility
could handle is required. Additionally, these calculations
need to be annualized. The conversion process is similar to

the variable cost calculation where an average weight per
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transaction is estimated. This average is multiplied by the
maximum number of transactions the facility could handle daily
and a conservative estimate of the number of work days in a
year (250): Only 250/365 (68 percent). The resulting
throughput capacity is shown in Table 4.3. Because of the
close proximity of Mechanicsburg and New Cumberland, DLA
Headquarters expresses their throughput capacity as one total
which this study splits in half and reports for each facility
separately. This situation also exists for Sharpe and Tracy
on the West coast.

Table 4.3: The depot fixed and variable costs and throughput
for FY 92 used in the SAILS model.

Cost |Costper CWT | (milion pounds) f
g % " Tw
WMomph 31200 19934 gg
Yo 30200 11CH 290
O 1 — 380 |
i 10548 — 0
Loliorkervy 15000 | 4316408 50
i e T
[Anmiste
Sheey 14800 | 30.0560 280
od River_ 17900 W28 %E
Geldand e &
San Dl 15100 91013 — 160
Puget Sound — 6800 123212 60
Nerfol —_ 28700 13328 210
Cher — @00 08788 — 110
Jeckeonl 000 | 0.7082 “84_
Pernscel 9000 92826 60
MoClelien A 15000 30.3458 [ 14
San Antonic 15200 271720 150
inker AFE 16300 2.0 70
Hl AFE 9000 22.0198
iCherry Pol 10000 | 10.00 [0
Bareke 10000 I 7
Alben 10000 1000 | 16
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B. RUNM DERSCRIPTIONS
The SAILS model is run under Windows NT on a 586 66MHz

personal computer with 261 megabytes of extended memory and
one gigabyte of disk space. With the smaller models (less
than 49 products and 113 customers), SAILS requires about 125
megabytes of extended memory to operate. The maximum level of
extended memory required is 225 megabytes occurring with 199
customer aggregations.

The approach here is to systematically reduce throughpuc
capacity across all depots to examine the effects these
reductions have on total costs and the recommended depot
closures. Five separate versions of the model are run for
each of the aggregation schemes/ at full depot throughput
capacity, and at 90%, 80%, 50% ,:and 30% of that capacity.
Additionally, the throughput capacity violation penalty
(available in the SAILS model) is maintained at a high level
to ensure no capacity violations within a depot.

Recall that DLA subsistence items which account for
approximately 25 percent of total demand weight are not
directly modeled in this thesis. The subsistence demand
weight is indirectly modeled by using a conservative estimate
of depot throughput capacity where a 250 day work year is used
instead of a 365 day work year (possible during peak periods).

Runs are accomplished under the four alternate product

aggregation schemes, with ll3l-customer aggregations, and at
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the tivﬁ alternate depot throughput capacity levels. To
determine the effects of a different customer aggregations,
additional runs are accomplished with a 199-customer
aggregation, 29-aggregate products scheme and at five
alternate depot throughput capacity levels.

Within SAILS, the ability exists to specify a maximum
distance between depot and customer. For all runs with the
exception of one test case, this distance is set at the

default setting of 7500 miles - essentially unrestricted.

C. RESULTS
Table 4.4 provides the number of variables and constraints

for the different models. Intuitively, it would be
reasonable for the number of variables to increase as the
number of aggregate products increases, but this is not always
the case. Recall that the 67-aggregate product scheme is
created by aggregating products by the two-digit product
group. The 44- and 29-aggregate product schemes are simply
further aggregations of the 67-aggregate product scheme.
Table 4.4 shows that different aggregation schemes for the 44-
and 29-aggregate product schemes create different depot-to-
customer grouping combinations. Recall that the approach is
slightly different for the 49-&ggreqate product scheme:
Aggregate products are created around those FSC’s which
experience significant demand. This accounts for the higher

number of variables. By expanding the number of customer
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aggregations, both the number of constraints and variables

increases dramatically as expected.

Table 4.4: Five versions of a model depicting the DLA

distribution system are created in SAILS based on different

product and customer aggregation schemes. This table describes
the number of constraints and variables for each of these
SAILS models. By expanding the number of customer
aggregations, both the number of constraints and variables
increases dramatically as expected.

Aggregate Customer Constraints | Variables
Products Aggregations

29 113 3,308 78,971

44 113 3,308 74,708

49 113 3,308 80,132

67 113 3,308 67,609

29 199 5,802 132,777

The SAILS model develops an optimal strategic distribution
network (i.e., determines optimal depot locations for a
network operating over a long time-frame) as opposed to a
tactical or operational plan. As part of this strategic
modeling, SAILS sole-sources aggregate products to a specific
depot. SAILS creates two reports to help show the effect of
sole-sourcing. The accounting baseline reports the tactical

statistics on actual day-to-day operations and the model

41




baseline reports the same statistics prior to optimization
where aggregate products are scle-sourced to a specific depot.

Table 4.5 summarizes accounting baseline (actual depot-to-
customer shipments by "product bundle® - an aggregate product
before sole-sourcing), model baseline (depor-to-customer
shipments after sole-sourcing or assignment of a.. aggregated
product group to a specific depot) and the optimal solution
for the 29-aggregate products, 113-customer aggregation, full-
capacity model. Comparisons between the baselin~ and depot
capacities reveal that Albany is the only depot which exceeds
calculated capacity (this deviation is only 29,00 CWT; a
minimal amount in comparison to total weight shipped). Test
runs show that increasing Albany’s throughput capaci-y by this
amount has no effect on solutions. |

Figures 4.1 and 4.2 graphically depict depot t! roughput
capacity, accounting baseline, and model baseline for the 29-
aggregate products, ll3-customer aggregation, full capacity
model. Apparent in these graphs and in Table 4.5 is the fact
that the depots are not operating at or even near full

capacity.
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Table 4.5: FY 1992 Transaction Files show by depot the
accounting baseline (actual depot-to-customer weight shipped),
the model baseline (depot-to-customer shipment weight after
the aggregate product has been sole-sourced to a specific
depot), and the optimal solution for the 29-aggregate product,
113-customer aggregation SAILS model.

miﬂ |
Code Throughput | Baseline Baseline m
| 2900000 | 41800 _
T SB | 2900000 | 2334277 1877995 0
o — SM_ 3100000 | 2038131 2292073 0
“SA 5100000 | 1548083 | 1574424 | 4521085
SC | 1500000 | 684681 647122 0
wﬁ—“"“‘"—"m e —"""mmn:z 377%513
rr—“m-” im—cm——w o
__SR 2300000 | 1637809 1311861 0
NO | 670000 | 312544 262013 0
A FF 970000 0 5798 0_
ND 1600000 | 51420 | 6471 0
MWV | 170000 11731 1115'104' 0
—NB 640000 | 137365 5344 639085
N T A
0 1
_BA___ | 400000 33 9024 0
e e e e
T BK__ | 800000 | 10040 21400 0
BR | 1400000 55083 112382 0
FG_ | 1700000 | 4275 16279 582752
FH | 700000 41933 35435 0
T FL__| 1400000 202 5803 0_
o —
— SN 8100000 | 179007 | 314294 0
B8 500000 _ 0 762 — 397003
0 0 0 0 .
o ¥
~
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Figure 4.1: FY 92 Comparison of the depot throughput capacit

to actual throuthut for the 29-aggregate pr;gduct ,p 11311
customer aggregation suz.g model. For example, Mechanicsburg
(depot code SA) has an estimated throughput capacity over five
mc:.rll..hon CWT but has actual throughput of less than two million
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MODEL BASELINE

B Throughput Cap
8 Model Base

AQ SB SM SA SC SU BY FP SRNO FF ND MV NB NN NR BA MA NU BK BR FG FH FLL NA PT SN BS
DEPOT

Figurg 4.2: Comparison of the depot throughput capacity to
baseline model throughput for the 29-aggregate product, 113-
customer aggregation SAILS model. When compared to the
accounting baseline this shows the minimal effect sole-
sourcing aggregate products has on individual depot capacity
utilization.
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As depot throughput capacities are reduced, this
restriction should increase total costs. Figure 4.3 shows
that, as expected, throughput capacity is reduced and total
f operating costs increase.

Table 4.6 summarizes costs for accounting baseline, model
8 baseline, and the optimal solution. Significant cost savings

] are suggested: Modeled saviags total over 300 million dollars.
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Figure 4.3: Depicts the total operating costs for each of the
five depot throughput capacities examined for the 29-aggregate
products, 1ll3-customer aggregation SAILS model.

TOTAL COSTS

750
a 700 +
§ i | '
< 3 o0 .
® sl yd

- —y—8
s00 L

Table 4.6: Cost Summarization for the 29-aggregate products,
113-customer aggregation SAILS model.
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2ccounting | Model Optimal

Baseline Baseline
Fixed Costs 418,200 391,000 68,700 |
Variable Costs | 119,550 114,777 87,990 |
Capacity Viol 291,385 621,511 |
Replenishmrent 10,092 10,756 12,470
Outbound 408,202 342,182 353,999
Total (excluding ] 956,044 858,715 523,159
penalty)




For purposes of this study, the solution gap (the
difference between a bound on the best possible solutions and
the best solution obtained) is three percent or less of total
costs. A detailed discussion of each model run is presented
in the following paragraphs.

Results of the runs accomplished at full depot capacity
are presented in Table 4.7. The solutions for the 29-, 44-,
and 49-aggregate product schemes are indistinguishable: Total
costs differ by only $30,000 between the different versions
and the recommended depot closures are identical. The total
costs for the 67-aggregate products are slightly higher, but
within the reguired solution gap. More importantly, the
recommended depot openingfs differ by one facility. Unlike
alternate solutions, this solution recommends that San Diego
remain open instead of Puget. Table 4.7 shows that if the
common configuration from the 29-, 44-, and 49-aggregate
products model is fixed in the 67-aggregate product model, a
smaller solution gap results. This shows that a number of
alternate DLA depot configuracions are realizable, all with
comparable cost savings.

Table 4.8 presents results obtained when all depots are
only allowed 90 percent of their estimated throughput
capacity. As expected, total costs for tne 29-aggregate

product model are higher than at full capacity.
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Table

4.7:

| Solutions to the full capacity model with 113-
i customer aggregation. Alternate product aggregations produce
the same depot closure decisions. The solution gap represents
the difference between a bound on the best possible solution
and the best solution obtained.

TAgoregete | Remarcs un 1%1;0 %E: Numberof | OpenDepots |
Puownﬂcm
“ 2 53101 | 5225 LB Wectv Ogden Jax/
Puget/ HIlV Corpus
49 35 523,961 10 ] Mech/ OgdenV Jaw/
Puget/ HiV Corpus
o7 44 525,320 10 o Mecl/ Ogder/ San
Diegole HIV
Cﬂ”
87 Locked il depots B | 52022 | T84 [ Mech/ Ogden/ Jex/
closed eucept 6 open in Puget/ HIV Corpus
the 20-aggregate
_products sohuion

113-customer aggregation.
produce the same depots closure decisions.
represents the difference between a bound on the best possible
solution and the best solution obtained.

' Table 4.8: Solutions to the 90 percent capacity model with
Alternate product aggregations

Ssolution gap

g T T Y | 5 [ Rebwd | Do e
e, W"‘ e e O O e BT T Do
Ja/ Hl
) lokadopendepet | 5 | 5Be® | 2 Y
solution from the full Jaw Pugst! HIV Corpus
capacity run
“ BT SRR B Wiech Ogden San Diego |
Ja/ Hl
rr —T 5%z [ 2T 3 WWFM
Jad
LY 37 | 520,018 10 [} WeclV Sen
Jaw/ Pugey Hat
& ~ Locked all depots B | 524004 | 6686 5 WeclV OgderV Sen Diego
closed axcept 3 open in Jed Hill
e 20-aggregate
_product schsion
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A reduction in the number of open depots is apparent when
comparing the full and 90 percent capacity versions: San
Diego, a larger depot, replaces both Puget and Corpus Christi.
Because total throughput capacity available at both Puget and
Corpus Christi is less than that available at San Diego, this
alternative is a viable one.

When the solution for recommended depot closures from the
full capacity run is established in the 90 percent capacity
version, both the recommended number of open depots and total
costs increase as expected. However, both solutions are
within the required solution gap reinforcing the idea that a
number of alternate solutions is possible.

!l In the 90 percent capacity model, the recommended depot
cohfiguration for 67-aggregate product version differs from
the others. 1In this version, Puget remains open which results
in six total depots remaining open as opposed to five from the
other versions. As the depot configuration from the others is
established in the 67-aggregate product model, total costs
and the solution gap are less than the previous version.

With 80 percent capacity, total operating costs are
expected to increasse. Table 4.9 shows that all versions
result in these cost increases and that depot configurations
are varied among the different models: 29- and 67-aggregate
product versions agree with low solution gaps and the 44- and
49-aggregate product versions agree with slightly higher

solution gaps. When the depot configuration from the 29-
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aggregar.e product version is fixed in the 44- and 49-aggregate
product models, solution gaps increase. Solution gaps from
these subsequent runs are still within study requirements and
therefore represent viable alternate solutions.

At 50 percent capacity, the restricted models become much
more ..fficult to solve and the results vary. Solution gaps
are higher than three percent of total costs and attempts to
reduce them result in run times in excess of four hours.
Furthermore, attempts with all models to °*lock in® the 29-
aggregate product solution for comparison purposes also result
in long run times. The results provided in Table 4.10
reflect solutions that are within solution gaps of less than

five percent.
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Table 4.9: Alternate solutions to the 80 percent capacity

model with 1i3-customer aggregation. Alternate product
aggregations produce the same depot closure decisions.
Jasv PugeV HilV Corpus
. e 0 5 > Joue/ Ve Ogden
Ja/ Corpus
“ ocedopenTdepols | @ | 58281 | 12788 ~7 Meocly Ogden/ San Diego
from the 20-eggregate Jov Pugey HIV Corpus
|___products schaion |
— ® 73 | 538278 0 L3 San Joag/ Mach Ogden
Jad/ Pugst
[ @ | Locmdopen Tdugom | BT [120608 7 Wiech/ Ggdand 3an Diego |
from the 25-eggregete Jasd Pvgat Ml Carpus
products sshiion
L 4 ® W% | 28 7 Viec W
Jawl PugaV Nl Corpus

Tabie 4.10: Solutions to S0 percent capacity model with 113-
customer aggregation.
experienced when attempting to remain within the three percent

solution gap.

Run times in excess of four hours are

Although depot closure recommendations are not

uniform among all models, six common depots are recommended to

remain open.

41

Sain
gp
F

11

12
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Run times for the 30 percent capacity models are
excessive. Results are obtained for the 44-, 49-, and 67-
aggregate product models, but not within the required solution
gap (three percent of total costs). As shown in Table 4.11,
a successful run is attained for the 29-aggregate product
version, but requires over eight hours of run time. An
interesting situation occurs at the 30 percent capacity levels
for all versions of the model: Hill is forced into the
solution. hkegardless of the throughput violation penalty
setting, Hill consistently exceeds capacity by 53,000 CWT.
Therefore, to achieve any results, the throughput capacity for
Hill is increased by 53,000 CWT.

Table 4.11. Solutions to the 30 percent capacity model with
113~-customer aggregation. Run times in excess of eight hours
are experien:ed when attempting to remain within the three
percent solucion gap. All aggregations report some depot
closures and four common depot closures are recommended
regardless of which model is used.

Tlased Depots

Norfolk / Anniston / Albeny / Letterkenny
Tinker / Cherry Point

& F ) 782,601 0 [ 3 Tobyhanne 7 MicCielian / Anniston
Letterkenny / Red River / Corpus Christi

® [ ) 702,048 3 19 “Tobyhanns / McCilelien / Anniston
Letterienny / Red River / Corpus Christi

L1 D TS K] (14 Tobyhanne / McCielian / Ahniston
Albany / Letterkenny / Red River / Cherry
Point / Corpus Christi
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A 29-aggregate product, 199-customer aggregation model has
been created to determine the effect additional customer zones
have on total costs. Recall that numerous studies report a
decrease in transportation costing errors when the number of
customers is increased. Results from this model are compared
to the solutions from the 29-aggregate product, 199-customer
aggregation model. At full capacity., no real difference is
noted as the same six depots remain open and total costs are
near equivalent. Results from the 90, 80, 50, and 30 percent
depot throughput capacity models for this version differ from
those of the 29-aggregate product, ll3-custumer aggregation
version. Additional runs have been tequired where the
solution for 29-aggregate product , 113-customer aggregation
model is fixed in these subsequent models. Table 4.12 shows
that these additional runs provide eqQuivalent or lower
solution gaps. Based on these results, additioral customer
zones would not result in increased detail or significant
differences in total operating costs.

All model versions up to this point have not restricted
the maximum distance between depot and customer. As this
distance is limited, more depots may be required to satisfy
customer demand or the solution may retain high cost and less
efficient facilities just to meet this restriction. These
additional facilities improve delivery times and customer
service yet increase total operating costs. With recent

improvements in transportation services, delivery times have
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been improved significantly. Therefore, the additional cost

to retain depots to maintain customer service levels may not

be warranted under current conditions. This study ran a model
with the depot to customer distance restricted to 1000 miles
for the 29-aggregate products, 113-customer aggregation, full
capacity model. Table 4.13 compares the results between the

restricted and unrestricted versions.

Table 4.12: Solutions for the 29-aggregate products, 199-
customer aggregation model demonstrate that different customer
aggregations produce essentially the same depot closure
decisions.

g 1 Y T | Nawbe "Upen Digs
Pugslf HEl / Compn
e ;- LT ) " 3
Jod WY Compn
- ® 7 W [l ] Tocl/ Ogdaw? Sun Dinge |
oshalion fom the Jav ¥R
produsts $0 % caposily am
W | 2] L | Ton Joay/ Waeh / Open |
Jax/Hm
= Ldndweabodpd | & | 1BED [ ¥4 4
sshdiion fom he 20eggregale Ja Puget/ ¥/ Cop
produsis 307 capeslly nn
2 W | BT W S “San Jang / Hawghle/ Weeh |
Cohawbys / Ogden / Rishmend
San Dioge ! Basstow / Albeny
Jast 1 I 1 Chamy Palnt
L_‘l_'"m—i-ﬁu ] W T T | § | SanJdesn/ Newphe/ lech |
oshulion Som the 20-aggregute Celumbus / Ogien / Son Astenie
produsts §0% eapaslly rnan Nishmend / San Disge / Saratow
E ] 7] TN ® 0 ol opun emmegt Tolyhanne |
MeChallan / Annisten
Lathaviuenny / Red River
B =~ =" E ™ B3 3 -~y
*m‘:%:“ . ::-lwmlﬁ
m————— e ——
nher / Chony Pobnt |
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When this distance is restricted, total operating costs rise:
The increase is the result of retaining higher-cost facilities
sufficiently close to “reach" customers. Figure 4.4 shows
that a small percentage of total demand is satisfied beyond a
1,000 mile range even when there is no range restriction: This
implies that there should not be a significant change in
outbound costs as range is restricted to 1,000 miles which is
the case.

An additional run is made with a 300-mile limitation to
determine the effects on total costs and the number of
recommended depots remaining open. As expected total costs
increase dramatically and the number of open depots increases
to 16. In this solution, both capacity violation penalties
and lost demand penalties (where it is more economical to not

satisfy certain levels of customer demand) are incurred.
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Table 4.13: Two models are created where the maximum distance
between depot and customer is set at 7500 miles (unrestricted)
and 1000 miles (restricted). This table shows that cost for
the two models only varies slightly.

Voad T Varahe [Napleriemert - Sbound | Youl s ,
Costs Costs Costs Costs Costs
R0 | 10588 | 1085 Lty g
Jax / Tinker / Corpus
G8700 | 87990 | 12470 | 353009 | 523159 | Wech/Ogden/Jax |
Puget / Hll / Corpus

| Service Range Comparison

6-% 100 250 800 7%0 1000 1500 2000
Misege

Figure 4.4: Two models are created where the maximum distance
between depot and customer is either 7500 miles (unrestricted)
and 1,000 miles (restricted). This histogram presents the
percentage of customer demand satisfied at the various depot
to customer distances. Because most demand is satisfied
within the 1,000 mile range even when range is unrestricted,
there is not a significant increase in total costs.
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V. CONCLUSIONS AMD RECOMMEMDATIONS
A. CONCLUSIONMS

This thesis shows how the Defense Logistics Agency (DLA)
can save over 300 million dollars annually through depot
closure and reorganization. This conclusion comes from
extensive analysis of DLA’s distribution network using the
SAILS model. This thesis derives a 29-product, 113-customer
aggregation scheme which renders a SAILS model of DLA that is
eusy to use and retains essential fidelity. Extensive
comparisons between this aggregation scheme and others (44-,
49-, and 67-product; and 199~ and 113-customer aggregations)
at depot throughput capacities of 100, 90, 80, S50, and 30
percent of remaining capacity show that:

e DLA depots currently have excess throughput capacity
available; and
e alternate solutions are possible under the current DLA
distribution network.
A discussion of each of these points is presented in the
following paragraphs.

DLA depots currently have excess capacity. Even when
customer service range is restricted to 1,000 miles from the
supplying depot, significant cost reductions in distribution
network costs can be achieved without a corresponding decrease

in customer service levels.
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Results from the different aggregation schemes show that
alternate solutions are possible at about the same cost level.
As the solution from the recommended model version is fixed in
those models which deviate from the 29-product, 1ll3-customer
aggregation version equivalent solutions are obtained. For
this reason and the fact that the smaller version results ia
responsive SAILS execution, the 29-product, 1ll3-customer
aggregation model is recommended to model the DLA distribution
network.

Recall that a customer service restriction where the
maximum distance between depot and customer is restricted to
1000 milws led to an increase in total operating costs of over
30 million dollars. As this distance is limited, more depots
may be required to satisfy customer demand or the solution may
retain high cost and less efficient facilities just to meet
this restriction. This study contends that with recent
improvements in transportation services and delivery times no
significant improvement in customer service is obtainable by

ensuring depots are located "close® to or even collocated

with all customers.

B. RECOMMEMDATIONS

Though the personal computer version of the SAILS model
used in this study accommodates a large transaction file,
certain aspects of model setup should still be performed

outside SAILS . Because SAILS does not possess all of the
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T e

rate structures for modes used by DOD, this study recommends
that transportation rates for each product aggregation, depot,
and customer link be developed outside the model and provided
as user-defined values. Because of the limited nature of this
study and the lack of readily available data, this approach
has not been feasible.

DLA depots currently have excess capacity. Depot closure
and reorganization is inevitable under declining Defense
budgets. This thesis has demonstrated the flexibility of the
SAILS model and its usefulness as a tool to make these closure
decisions. Though major concerns exist within DLA about data
aggregation, this thesis has shown that data aggregation does
not lead to significant modeling discreqancies within SAILS.
The 29-aggregate product, 1l1ll3-customer ngregation model is
the means to model DLA’s distribution network and SAILS is the

tool to make these depot closure decisions.
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The following mathematical formulation is the general form of

the

SAILS model:

MODEL FORMULATION
Indices

i

Products (aggregated groups of National Stock Numbers)
Suppliers (aggregated supplier regions)
Distribution depots

Customers (aggregated custcmer regions)

Data

i.v Suppiies of each product by supplier

BUY; , Cost of each product by supplier

Inbound transportation cost per product unit,by
vendor/depot

Variable handling cost by product/depot

FCST, Fixed cost of operating the depot

BRDN; ; Burden rate per product unit by depot

LCAP, Lower/Upper capacity of depot (in burden units)

Outbound transportation cost per product unit, by
depot /customer

OUTBD,;,,. Outbound transportation cost by product from vendor

to customer

o Demand by product/customer
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Xiv.a Inbound flows by product from supplier to depot

Yia. Outbound flows by product from depot to customer

Z, Binary variable to open/close depot

Q,.4,¢ Binary variable for sole sourcing by product/depot to
customer

Piy.. Plant direct shipments by product from supplier to
customer

PFORMULATION

MIN ziv-t(fwiv + INB;,q_+ VCST;;)X;yq + Ziqc (OUTB 4cY;g:) +

(FCST4Z, ) + Xiy. (BUY,, + OUTBD,,.)P;,.

subj to

1) Lx‘vd + Z?Pivc < SUPPLYIV v i,V

2) Ziyidu: * 2.nlpivr: 2 Dmic v i,C

3) X, (BRDN, X;,,) S UCAP;Z, V d
Y., (BRDN, X;,q) 2 LCAP,Z, V 4

4) X,(FCST,z;) S BUDGET

) Q.. S$2, Vi,dc

6) leivcl 2 Z?Yicllt v i, d

7) Yid.: < DEML,: Qill‘? v i,d,c

LQisc =1 Vi,c
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COMSTRAINT EXPLANATION

1)

2)

3)

4)

5)

6)
7)

Demand can not exceed supplier’s capacity.

All customer demand must be met.

For each depot, throughput must not exceed depot capacity.
Since handling of appregate products is not uniform, a
burden rata is determined for each aggregate product.

The fixed cost of operating depots must remain within
budgetary constraints.

This constraint ensures that *sole sourcing® a customer
zone assignments can only be made to open depots.

This is the flow balance constraint.

Customers are sole sourced for each product to a specific
depot.
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APPENDIX B

Table B1. Repressnis the sity-sight FSC product groupings menaged by DLA
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Tabis Dt: §7-Pvadust Aggregsiion Schoms.
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Table D4. mmmhmmmm

122 . X
10888 2.30 461 15.16 62.68
258 870 159 161.85

18121 0.70 2.00 6357 1394.80
10 457152 5.32 1851 21.10 481.74
1 21088 1.62 11.20 91.44 8853.98
12 571975 337 24.40 20.11 688.19
13 100829 6.44 52.37 50.87 715.65
14 k-14] 2. 113.27 6682 | 247.27 |
15 85205 20.48 80.27 100.75 | 130828 | [1308.28_|
18 15311 5255 162.18 2393 | 1953.73_|
17 19128 61.80 15028 | 1055.37 | 2356605
19 3587 131.05 158.28

p-3 78003 11.88 0.62 56.00 | 644.20
26 <309 0.80 7.65 7.90 300.58
27 13752 | 3204 | 141 4840.62_ | 54528.19
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Table D8. This table provides the summary etatistice (atal requisitions,
AVerage weight per requisition, standard devistion of weight per requisi-
tion, sverage etended weight per requisition, and standard deviation of
edended weight per requisition) for the 29-product aggregation echeme .

[Agaregets | Frequency| Wean | SWdDev | WeanBd | S Dev |
e e T

: 1977 182 7y~ 11.2° |
3 318050 321 | 1327 27.1: mrs:
Y 16455 2451 7198 | 56821 | 5356832
s 842758 | 1208 34.04 a7 | 1087.2
6 532284 8. 84 | 51268 |
T 1 337 24.40 2091 | 6868.19
] 13763 _| 1538 7855 | 190.16_| 883048
9 18311 5285 16218 | 233.98 | 1953.73 |
10 122656 | 3747 14413 | 3231 3470465 |
19 1048793 | 426 | 3718 6300 | 7195.7¢ |
12 87903 9.63 36.12 154.12 | 219195 |
11 158725 911 4737 4527 | 201.74
214760 537 28.96 23.62 835.14
{H] 78080 11.68 .62 8660 | 644.20
16 4403529 | 0.70 138 | 245 | 307353
17 61247 | 205 5.85 2602 | 5885 |
080 1708 | T3 I 3282 |

_T“%TTF—‘W—W
(1262631 | 300 | 3530 | 69.90 | 1606.08

21 356349 I 194__| 1088 149 |1
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28 111282 59.48 140.49 3 1133311
2 701 _| 1188 | 6079 | 138 2100.8
28 136230 | 6250 | 3000 | 79623 | 848598
"'5 — T 4519 | 48 | 11.40 317 1
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Tabile D7: 49-Product aggregation scheme.
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Tabie D8. mwmmmwmm
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APPENDIX E
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Tabie E1: Top 258 U. S cliies a8 iderdified in SAILS (table continued on the nat pags)
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Tabie E2 This tabie provides the 113-customer aggregations by city and thvee-digt Zip code.
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